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CHAPTER 1: INTRODUCTION 
1.1 Problem Statement 
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2.3 Obesity and Wound Healing 
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CHAPTER 3: REVIEW OF OPTICAL NON-INVASIVE CHARACTERIZATION OF CHRONIC 
WOUNDS 
 
3.1 Introduction 
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3.2 Laser Doppler Perfusion Monitoring and Imaging 
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3.8 Deep Tissue Spectroscopy 
"#
#FG#FG"
#;("#
   DC
 
/##2#$!
"! (
#" 3" "
"  FE+	

@)7%
	

>G/"## ###!
#  ;=#!
 #"F>

(


 G!# 
""F@

(>

 G;#
" #;2$ 
 ###'! '! 
'!F$	G"#
 
E	

@  !" F'!$
%;*9 !G $	##
! /! "# ?

(
=

 # $	#	  C  /#
# " #"!
 !"2$"/# 
  #!"#$	 
 (
! !# #
FE+	

@G
   D>
 
7	

>"""#/
"?

 

 "#
##?D@?C  # #"
  #$	" # ###
$###$	##("
D" @F7
%	

>G/!"" !"
"

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3.10 Comparison of Optical Methods Used to Characterize Chronic Wounds 
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CHAPTER 4: DIFFUSE NEAR INFRARED SPECTROSCOPY 
4.1 Background 
##5#$!F52$G##!+"
*!F+G#"("" # 
##" / !#!
(""52$  "" #FG
 #" #
# # ;

%#"'
  ##  /
##FHG #"
 !#"#!
"#H"#"
'"#"# #"
 F 
(
G/### !+
 !##FH4G /
##"# "
 "##  H4#
####H!#FG
<BH4KHF(GF*!8(	

DG/!# #
# #4-!#"#
"#FG/"#' !
A
  @C 
 
##"!# F*!8(
	

DG$H4# #" F 
(
G


$


'


		


'θ!"

 /
##FHG ##"
# #" F 
(
GHH4/ !
 '! '! 
/# !#
"FC

,=?
 G ""F	G/
""NO #
#" "/
#'!( '!( #
"F	G## 
 #F'##G
Incident photon path
Scattered 
photon path
θ
co
s(
θ
)
Scattering angle (θ)
  @> 
 


%
%	%		
'

5-
%	= ?"1	
%.
(+++	%@"+=9"

/'   
Fµµ 4G# !52"/ ##
 #7+"F7+G"
F7"	

D)5AA=G !
 F/2$G"!FAA>)A=A)$ AA=G
#<! !  !F	

	)
AA@G7+" '""
!#  #/2$ 
"#   !#
('"##
<!( ! "#   !F
#G#  /2$"
0.0
5.0
10.0
15.0
20.0
25.0
450 650 850 1050 1250 1450
µµ µµ a
(cm
-
1 )
Wavelength (nm)
Absorption vs. Wavelength in Tissue
(assuming [Total Hb] = 0.14mM and 70% water)
Oxygenated Hemoglobin Deoxygenated Hemoglobin Water
0.0
0.1
0.2
0.3
0.4
0.5
0.6
650 750 850 950
Wavelength (nm)
  @= 
 
/"##  
#F !G#!
### #
##!" 
#'" /
"#!!"
##
#!# ##;#<! 
##' )
###< #;#
!#!##"

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4.4 Diffuse Near Infrared Spectroscopy System 
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4.5.4 Response of a single detector to changes in distance from source 
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4.5.5 Calibrating multiple detectors using equidistant probe  
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4.5.6 Measuring changes in µa and µs’ (intralipid and ink) 
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4.5.7 In-vivo cuff experiment 
/# "##  
   '!### 
# #!"' # 
####? ##
'! " '! 
/#"#'! "#'!
 ##"!
'!  "#
FG/" !" 
"! "#'!'! F3 1 
	


)\	

?G
/#!##' # 52$! 
	D  !D("
0
5
10
15
20
25
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%
u
's
 
(cm
-
1)
1:100 ink volume (ml)
µ's - Increasing Intralipid
685nm
780nm
830nm
0.00
0.01
0.01
0.02
0.02
0.03
0.03
0.04
0.04
0.05
0.05
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%
u
a
 
(cm
-
1)
1:100 ink volume (ml)
µa - Increasing Intralipid
685nm
780nm
830nm
  >@ 
 
 ####@ @?###
=
  3	 ####/#
 -##!/ ##
#'! '!  
'!


,6.
%'	.
%'
%
'	.
	
."-
;	,>		,>

	"
		"

  

L

L
	
L
D
L
@
L
?
L
C
L
>
L
=
L
A
L

 	 @ C = 

6
.





#






!
6.
#
/ /	 /D




	


@


C


=



	

 	 @ C = 

2




-
!
!
6.
%2
/ /	 /D




	


@


C


=



	

 	 @ C = 

2




-
!
!
$.
%2
/ /	 /D




	


@


C


=



	

@

C

 	 @ C = 

2




-
!
!
A
%2"
/ /	 /D
  >? 
 
CHAPTER 5: MONITORING IMPAIRED WOUND HEALING IN OBESE RATS WITH DIFFUSE 
NIR SPECTROSCOPY 
5.1 Animal Study Description 
5.1.1 Motivation 
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5.2.2 Optical results – Baseline Period 
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5.2.3 Optical results – Post-Wound Period 
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5.3 Animal Study Discussion 
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CHAPTER 6: MONITORING HUMAN DIABETIC FOOT ULCERS WITH DIFFUSE NIR 
SPECTROSCOPY 
6.1 Human Study Description 
6.1.1 Healthy Subject Enrollment and Study Procedures 
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6.1.4 Wound size assessment 
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6.2 Human Study Results 
6.2.1 Results from Healthy Feet 
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6.2.2 Hemoglobin concentration in healing vs. non-healing wounds 
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6.2.3 Rates of change in optical data 
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6.2.4 Statistical Characterization of Healing and Non-Healing Wound Data 
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6.2.5 Predictive capability of optical data 
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6.3 Human Study Discussion 
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